ABSTRACT Background: Potassium-rich diets are inversely associated with blood pressure. Potassium intake before this study had not been objectively measured by using potassium excretion in a population-based sample in the United States. Objectives: The objectives of the analysis were to 1) report mean potassium excretion in a diverse urban population by using 24-h urine collections, 2) corroborate potassium excretion by using selfreported fruit and vegetable consumption, and 3) characterize associations between potassium excretion and socioeconomic indicators and access to produce. Design: Participants were from the 2010 Community Health Survey Heart Follow-Up Study-a population-based study including data from 24-h urine collections. The final sample of 1656 adults was weighted to be representative of New York City (NYC) adults as a whole. Results: Mean urinary potassium excretion was 2180 mg/d, and mean self-reported fruit and vegetable intake was 2.5 servings/d. Adjusted urinary potassium excretion was 21% lower in blacks than in whites (P , 0.001), 13% lower in non-college graduates than in college graduates (P , 0.001), and 9% lower in the lowest-income than in the highest-income group (P = 0.03).
INTRODUCTION
Cardiovascular disease is the leading cause of morbidity and mortality in the United States (1), and elevated blood pressurea modifiable risk factor for cardiovascular disease-affects approximately 1 in 3 US adults (2) . Low intake of dietary potassium, especially in conjunction with a high intake of dietary sodium, has been implicated in the pathogenesis of high blood pressure (3) and the subsequent development of cardiovascular disease (4, 5) .
Despite the benefits of a potassium-rich diet, mean potassium intake based on self-reported diet among men and women in the United States consistently falls below the recommended daily value of 3500 mg and the Adequate Intake of 4700 mg/d (6, 7) . A recent analysis of 24-h dietary recall data from NHANES estimates that between 2003 and 2008 the median usual daily potassium intake was 2631 mg/d for US adults aged 20 y and older. Furthermore, the median usual intake was significantly lower in non-Hispanic blacks than in non-Hispanic whites and was significantly higher in adults with a higher socioeconomic status (8) .
Inadequate potassium intake may be a consequence of diets low in nutrient-rich foods, such as fruit and vegetables (7) . Furthermore, decreased access to stores where fresh fruit and vegetables are sold (9) and economic constraints (10) may contribute to differences in consumption (9) and warrant consideration in understanding differences in potassium intake. Most US adults consume ,5 servings of fruit and vegetables per day (6) , and non-Hispanic blacks are even less likely to meet federal dietary recommendations for fruit and vegetable intake than are non-Hispanic whites (11) . The 2010 Dietary Guidelines for Americans highlighted the need for Americans to consume more fruit and vegetables to increase their intake of underconsumed nutrients, including potassium, which are important to maintaining health. Initiatives to increase potassium intake among populations at high risk of cardiovascular disease are especially important, and evidence suggests that black Americans and individuals with hypertension would benefit disproportionately from an increased potassium intake (12) .
Although dietary potassium is excreted in urine, stool, and sweat, urinary excretion accounts for the largest percentage of dietary potassium intake (w80-85%) (12) and can be used to reliably estimate relative mean intakes at the group level. Previous epi-demiologic studies have used 24-h urinary excretion-the gold standard for urinary electrolyte measurement-as a measure of potassium intake (13, 14) ; this is the first large population-based study in the United States to examine mean potassium intake using this dietary biomarker.
The objectives of the analysis were to 1) report mean potassium excretion in a diverse urban population by using 24-h urine collections, 2) corroborate potassium excretion results by using self-reported fruit and vegetable consumption, and 3) characterize associations between potassium excretion and socioeconomic indicators, such as education, poverty, and access to produce.
SUBJECTS AND METHODS

Study design
Data were obtained from the New York City (NYC) 5 Heart Follow-Up Study (HFUS), a cross-sectional study conducted in 2010 to assess sodium intake in a population-based, representative sample of NYC adults aged 18 y or older (15) . Detailed study information is described in a comprehensive Methods Report (16) . Study participants meeting the inclusion criteria were recruited from the Community Health Survey (CHS)-an annual health survey conducted by the NYC Health Department. In 2010, .10,000 New Yorkers were interviewed by using a dual-frame sample design consisting of a random-digit dial of landline and cellular telephone exchanges that cover NYC (17) . In brief, after the CHS questionnaire, participants meeting the 3 inclusion criteria (not pregnant, not breastfeeding or lactating, and not currently receiving dialysis or having a history of dialysis) were invited to participate in the HFUS. HFUS participants performed a 24-h urine collection; prior protocols were used as a basis for the design of the 24-h urine collection (18) , but were modified to accommodate the unique needs of NYC and our study. After the collection period, a home visit was scheduled with a medical technician. The home visit did not occur unless a signed informed consent form was collected at the start of the visit. At the home visit, an aliquot of the 24-h urine collection was collected. The urine samples were sent to a collaborating laboratory for the analysis of potassium. The Institutional Review Board of the NYC Health Department approved this study.
Participation
The 2010 CHS response rates were 17% and 28% for landline and cellular telephone exchanges, respectively. Cooperation rates among those who were reached were 77% among landline contacts and 94% among cellular contacts. Of the 2010 CHS participants screened for HFUS participation, 5830 eligible adults were identified. A total of 2305 agreed to provide a 24-h urine sample; of these, 1775 (30.4%) provided a sample that could be analyzed by the laboratory. Those who agreed to participate were slightly more likely than those who did not to be Hispanic, to be ,65 y of age, to have a lower income, and to be obese; however, no meaningful differences in self-reported high blood pressure or general health status were observed between CHS and HFUS participants (16) . Incomplete samples were defined as those provided by participants who reported missing a collection and samples with a total urine volume ,500 mL or urinary creatinine ,6.05 mmol in males and ,3.78 mmol in females (both being biologically implausible; P Elliott and J Stamler, personal communication, 2011). The final analytic sample size was 1656 (Figure 1 ).
Measurement and definition of covariates
The potassium content of the 24-h urine samples was measured by using the ion-selective electrode potentiometric method on the Roche DPP Modular analyzer. Laboratory values were normalized to a 24-h period before analysis. BMI was calculated from measured weight (in kg) divided by height (in m) squared. Demographics (age, sex, race-ethnicity, household income, education, and borough of residence) and other characteristics (eg, walking time to fresh produce and fruit and vegetable intake) were either included in the CHS or in the questionnaire asked of only the subset of HFUS participants. Walking time to fresh produce was measured by asking participants "If you were to walk from your home to purchase fresh fruit and vegetables, how long would it take you to get there? 5 minutes or less, more than 5 minutes but less than 10 minutes or 10 minutes or more?" Similarly, fruit and vegetable consumption on the day before administration of the CHS questionnaire was measured by asking the following question: "Thinking about nutrition ... how many total servings of fruit and/or vegetables did you eat yesterday? A serving would equal one medium apple, a handful of broccoli, or a cup of carrots." Given the potential for diuretic use to affect excretion of urinary biomarkers, the effects of self-reported diuretic use (yes or no) on urine volume and potassium excretion were assessed. Approximately 12% of participants reported use of diuretics; however, no differences in urine volume or potassium excretion were observed by diuretic use (data not shown).
Statistical methods
All analyses were performed by using weights calculated specifically for HFUS to account for survey design and nonresponse to the urine collection. Demographics of the NYC population, sample size, and representative sample size resulting from application of HFUS survey weights are presented. Mean potassium excretion and self-reported fruit and vegetable intakes were assessed by demographic characteristics using t tests. The correlation between potassium excretion and fruit and vegetable intake was calculated by using a Pearson correlation. Urinary potassium excretion was skewed to the right in the sample population. Consequently, our multivariable analysis used logtransformed urinary potassium excretion as the response variable. To evaluate the demographic and access factors associated with potassium intake, multivariable linear regression was used to model the log e of potassium with a priori determined covariates. The factors considered were demographics (age, sex, race, poverty, and education), BMI categories proposed by the World Health Organization classification, and self-reported walking time to fresh produce purveyors. Exponentiated regression coefficients and 95% CIs for each covariate are reported. The same model was run using self-reported fruit and vegetable intake as a continuous response variable. Regression coefficients and 95% CIs represented change in servings per day for each corresponding covariate. Data were analyzed by using SUDAAN software (version 10.0; Research Triangle Institute).
RESULTS
Most NYC adults in the sample lived in a household with an annual income of ,200% of the federal poverty level (FPL) (48.0%) and had not received a college degree (69.2%) ( Table 1 ). Education and annual poverty level were significantly and positively correlated (r = 0.378, P , 0.001). Most New Yorkers (63.8%) reported living less than a 10-min walk to fresh produce.
Mean urinary potassium excretion was 2180.0 mg/d ( Table 2) . Urinary potassium excretion was lowest in 18-24-y-olds, compared with other age groups, and higher in males (2403. Mean self-reported fruit and vegetable intake was 2.5 servings/d (Table 2) . Self-reported fruit and vegetable intake was lower in nonHispanic blacks (2.0 servings/d; P , 0.001) and Hispanics (2.3 servings/d; P = 0.001) than in whites (2.8 servings/d). Fruit and vegetable intake was also lower in obese adults (2.0 servings/d) than in normal-weight adults (2.7 servings/d) and in those who did not graduate college (2.2 servings/d) than in college graduates (3.0 servings/d).
Twenty-four-hour urinary potassium excretion was significantly and positively correlated with self-reported fruit and vegetable intake (r = 0.226, P , 0.001). However, self-reported fruit and vegetable intake was slightly higher in females than in males, despite higher urinary potassium excretion in males. Similarly, although whites and Asians had comparable self-reported fruit and vegetable intake, whites had a higher potassium excretion.
The exponentiated regression coefficients for each variable included in the multivariable linear regression model, with logtransformed urinary potassium excretion as the continuous outcome variable, are shown in Table 3 . When all other covariates, including age, sex, and BMI, were held constant, the ratio of the expected geometric mean for blacks compared with whites was 0.79 (95% CI: 0.72, 0.86), or the mean potassium excretion was 21% lower in blacks than in whites (P , 0.001). Similarly, those who did not graduate from college had a mean potassium excretion that was 13% lower than that in those who did graduate (P , 0.001). Income was not significantly associated with potassium excretion in the fully adjusted model (P = 0.11), and the magnitude of the association between education and potassium excretion did not differ by income category (Pheterogeneity = 0.06). Walking time to fresh produce did not predict urinary potassium excretion.
Black race and not graduating from college were independently associated with lower mean daily fruit and vegetable intake after adjustment for other covariates: 20.58 servings/d (95% CI: 21.06, 20.10) (P = 0.02) and 20.54 servings/d (95% CI: 20.87, 20.22) (P = 0.001), respectively. No significant differences between lower-income categories and the highest income category were observed, but point estimates suggest lower intake trends among lower-income groups ( Table 4) . Once again, no evidence of an interaction between education and income were observed (P-heterogeneity = 0.11). Walking time to fresh produce did not predict fruit and vegetable intake in our model.
DISCUSSION
In 2010, the Dietary Guidelines Advisory Committee emphasized the need for Americans to consume potassium-rich diets and noted that few Americans met the recommended daily value of 3500 mg. Given that w75% of dietary potassium is excreted in the urine (19) , a mean potassium excretion of 2180 mg/d among NYC adults is in line with previous national estimates based on self-reported dietary intake that found population potassium consumption to be low (12, 20) .
This study suggests that potassium intake is lowest in blacks, young adults, and those of low socioeconomic status. Low mean potassium intake in blacks in NYC is of particular concern, given the higher prevalence of hypertension in this population (21) . In the current analysis, differences in potassium intake between blacks and whites persisted after adjustment for potential confounders, including BMI, income, education, and access to fruit and vegetables. Note, however, that racial differences in potassium excretion may reflect more than just a difference in consumption (14) . A study that used data from the Dietary Approaches to Stop Hypertension trial estimated that 50-74% of dietary potassium was excreted in the urine of black participants compared with a 60-74% excretion rate in white participants who consumed the same diet (14) . Thus, biological differences may partly explain the disparity in potassium excretion between black and white adults in the sample population. The disparity is mostly likely because of the fact that potassium excretion was correlated with fruit and vegetable consumption, and blacks had lower self-reported fruit and vegetable consumption than did whites. The finding that blacks consume substantially less produce and potassium than whites is especially important because prior research indicates that blacks may benefit more from increased potassium intake given their elevated risk of hypertension (12, 13) and higher mean intake of sodium (12, 22) compared with whites.
Education was strongly associated with potassium excretion and with fruit and vegetable intake in the multivariable models, whereas income was not. This finding likely reflects collinearity between education and income (r = 0.378, P , 0.001). Although the mechanism linking socioeconomic factors to dietary behavior is beyond the scope of this study, future research should examine whether or not health literacy affects an individual's ability to access, understand, and translate dietary guidelines into healthy dietary behaviors. One study of 271 individuals living in a lowincome neighborhood found that participants who were familiar with the daily recommendations for fruit and vegetables consumed 24% more produce and excreted 27% more potassium in urine than did participants who had no or insufficient knowledge of the recommendations (23) . Prior studies examining neighborhood food environment have found a positive association between access to large grocery stores and consumption of fruit and vegetables (24) (25) (26) in communities across the United States. A study in New Orleans looked specifically at the availability of fresh produce within walking distance of urban residences and found that close proximity to produce was a positive predictor of vegetable intake (27) . In the current analysis, walking time to produce was not significantly associated with fruit and vegetable consumption and explains why access was also not related to potassium excretion. Short walking times to venues selling produce were reported by NYC adults, which was likely a result of the high density of stores, businesses, and residences in NYC. Further research using a more sensitive measure of fruit and vegetable access in urban locations such as NYC is needed.
Results using fruit and vegetable consumption as the outcome among NYC adults mirrored the potassium excretion results: ,13% of NYC adults consumed $5 servings of fruit and vegetables per day (w11% of males and 14% of females). The low, albeit significant, correlation between urinary potassium excretion and self-reported fruit and vegetables on the previous day is supported by results from other studies (28) . Diets replete with fruit and vegetables tend to be higher in potassium and lower in caloric energy than the standard Western diet. Therefore, increasing fruit and vegetable consumption is an important public health goal. Although no Tolerable Upper Intake Level has been set for potassium and potassium supplementation has consistently been shown to lower blood pressure (4), supplementation may have adverse health effects for certain individuals with an impaired ability to excrete urinary potassium (12) . Because of this fact and the demonstrated dependency of potassium on its accompanying anion, which typically differs in supplements and unprocessed foods, the Institute of Medicine focused its recommendations not on supplementation but rather on the forms of potassium naturally found in foods. As a result, the public health focus is on the promotion of fruit and vegetable consumption as a healthy way to raise current intakes. This study had some limitations. The lack of measurement of total caloric intake raises 2 important concerns. First, females in NYC reported a higher consumption of fruit and vegetables; however, they had a lower mean 24-h urinary potassium excretion compared with males. Higher caloric intake in males could explain this observation because dietary potassium is found in foods other than fruit and vegetables, including potatoes, dairy products, meat, and fish (29) . Because the HFUS did not assess individual diets, the contribution of specific foods to overall potassium intake could not be determined. Second, because of the lack of total caloric information, energy adjustment in multivariable regression models was not possible. The models were adjusted for BMI, but BMI may not accurately reflect usual energy intake, especially in adults who are active or dietrestricted. Although consumption of recommended foods is a major driver of higher potassium intake (12) , future studies should attempt to measure energy intake to better understand the predictors of potassium consumption and the relative contribution of fruit and vegetables to total potassium intake in population subgroups. Another limitation was the measure of access to fresh produce; a more comprehensive consideration of access that takes into account affordability, quality, and selection of produce may be needed to accurately capture access. Better measures of the neighborhood food environment might allow public health advocates and policymakers to understand predictors of fruit and vegetable consumption in urban populations. Initially low CHS response rates and slight demographic differences between those who chose to participate in the 24-h urine and those who did not participate may have led to some bias in results; weighting mitigates but does eliminate this potential limitation. More specifically, the HFUS sample had a higher proportion of lowincome participants than did the CHS population from which participants were recruited. This may have been because of the economic incentive attached to participating in the HFUS. Misclassification of fruit and vegetable intake, owing to poor recall, reporting bias due to social desirability, or varying interpretations of what constitutes a serving of fruit or vegetables may be associated with self-reported fruit and vegetable intake; however, the corroboration of self-reported data with biomarker data was a strength of this analysis. Finally, these results are more likely to reflect potassium and fruit and vegetable consumption in other racially, ethnically, and economically diverse urban communities and therefore may not apply to the general US population. The HFUS is the first large population-based study in the United States to use 24-h urine collection to estimate potassium intake. Our analysis of the data found that low potassium intake corroborated the low self-reported fruit and vegetable consumption reported by NYC adults. Given the low intake of potassium across all participants and the importance of potassium intake in preventing chronic disease, policymakers should support innovative initiatives that increase the consumption of fruit and vegetables. In NYC, the Health Department is working to increase access to high-quality, affordable produce at farmers' markets, supermarkets, and Green Carts-street vendors that sell produce in underserved areas-with the ultimate goal of increasing the percentage of people reporting fruit and vegetable consumption in the previous day to 91.9% by 2016.
